1. Introduction {#sec1}
===============

Alzheimer\'s disease (AD) is the most common cause of dementia in adults [@bib1]. The presence of intracellular neurofibrillary tangles of phosphorylated tau protein deposits, as well as amyloid plaques formed from extracellular aggregates of amyloid β peptides (Aβ) are hallmarks of AD pathology [@bib2], [@bib3]. Although both neurofibrillary tangles and amyloid deposits are suspected to be responsible for cell death in the AD brain, the initial biological trigger of the pathology has not been fully elucidated.

There are only symptomatic treatments approved for the treatment of AD, including cholinesterase inhibitors and N-methyl-d-aspartate receptor antagonists [@bib4]. Therapies to prevent the accumulation of amyloid deposits or to reduce the existing plaque are currently being investigated for the treatment of AD, and several molecular targets of the amyloidogenic pathway are being or have been tested (see [Fig. 1](#fig1){ref-type="fig"}). Hence, interfering with factors that regulate the amyloid precursor protein production may affect intracellular levels of amyloid precursor protein and thus reducing the overall levels of Aβ [@bib5], [@bib6]. Similarly, inhibition or modulation of major players involved in the neurotoxic Aβ-generating, such as β-secretase and γ-secretase, appear to be key therapeutic targets against AD [@bib7], [@bib8]. Alternatively, downstream strategies targeting amyloid deposits in brain tissue may inhibit Aβ aggregation or disrupt the already formed plaque [@bib9], [@bib10]. Finally, there is the clearance of Aβ using both passive and active immunotherapies (direct use of anti-Aβ monoclonal antibody, and stimulation of the immune system through vaccination with Aβ peptide fragments, respectively) [@bib11].Fig. 1Amyloidogenic pathway and anti-Aβ therapeutic strategies. Abbreviation: Aβ, amyloid β.

Unfortunately, clinical trials with small molecule pharmacotherapy and immunotherapies to reduce brain Aβ have not shown efficacy [@bib12], [@bib13], [@bib14], [@bib15], [@bib16]. Persistent failure has led investigators to develop new therapeutic strategies for AD aimed at lowering Aβ accumulation in the brain by changing the transportation of Aβ through the blood-brain barrier. A therapeutic approach, which has recently been developed on the basis of performing plasma exchange (PE) with albumin replacement, can induce the shifting of the dynamic equilibrium existing between brain and plasma Aβ. This approach considers i) high levels of Aβ aggregate in the brain is associated with low levels of soluble Aβ in cerebrospinal fluid (CSF) in AD [@bib17]; ii) albumin is the main transporter and the main extracellular antioxidant in the human body [@bib18]; iii) around 90% of the circulating Aβ is bound to albumin [@bib19]; and iv) therapeutic albumin has Aβ-binding capacity [@bib20], [@bib21]. The underlying hypothesis is that PE-mediated sequestration of albumin-bound Aβ in plasma would increase the transport of free Aβ from CSF to plasma (see [Fig. 1](#fig1){ref-type="fig"}) to restore the inherent balance between brain and blood levels of Aβ [@bib22], [@bib23], [@bib24], [@bib25], thereby decreasing brain Aβ burden. At the same time, PE would remove other toxic substances from patient plasma [@bib26].

In preliminary pilot (EudraCT\#: 2005-001616-45) [@bib27] and phase II (EudraCT\#: 2007-000414-36; [ClinicalTrials.gov](http://ClinicalTrials.gov){#intref0010} ID: [NCT00742417](NCT00742417){#intref0015}) [@bib28], [@bib29] studies, mobilization of plasma and CSFAβ was found to be associated with an improvement in memory and language functions, as well as stabilization of brain perfusion. These observations, which persisted after treatment was discontinued, were assessed by neuroimaging and were observed in patients with AD who underwent PE with therapeutic albumin replacement (Albutein®, Grifols, Barcelona, Spain). On the basis of the results from those earlier studies, the **A**lzheimer\'s **M**anagement **B**y **A**lbumin **R**eplacement (AMBAR) study (EudraCT\#: 2011-001598-25; [ClinicalTrials.gov](http://ClinicalTrials.gov){#intref0020} ID: [NCT01561053](NCT01561053){#intref0025}) was designed as a phase III trial in Europe (Spain) and a phase IIB trial in the United States to further evaluate the observed trends and occurrences by testing different replacement volumes of albumin, with or without intravenous immunoglobulin (IVIG) 5% (Flebogamma® DIF, Grifols) to correct a possible immunological deficit. The experimental phase of the AMBAR trial has been concluded according to schedule, giving way to data collection and evaluation and analysis of the results.

2. Methods {#sec2}
==========

2.1. Global study design {#sec2.1}
------------------------

The AMBAR study is a multicenter, randomized, blinded and placebo-controlled, parallel-group trial with a planned enrollment of at least 364 patients with mild to moderate AD from centers at 41 sites, 19 in Spain, and 22 in the United States. The Research Center and Memory Clinic Fundació ACE, Institut Català de Neurociències Aplicades, is the site of the coordinating investigator in Spain, and the University of Pittsburgh Medical Center is the site of the coordinating investigator in the United States.

The study includes four groups of patients: three PE treatment groups receiving different doses of albumin and IVIG and one control (placebo) group. Control patients are subjected to the same procedures as PE-treated patients, but with a simulated PE through a noninvasive procedure (sham) that mimics PE but without fluid replacement or albumin or IVIG administration. The patients, caregivers, and raters (investigators evaluating outcome measures: cognitive, functional, and behavioral changes, as well as neuroimaging evaluators and central laboratory analysis) are blinded as to the therapy received. A single code is used for the anonymization of patients.

2.2. Ethical aspects {#sec2.2}
--------------------

The study strictly follows the ethical standards adopted by the XVIII World Medical Assembly Declaration of Helsinki (and subsequent revisions) as well as the European Union Standards of Good Clinical Practice relating to trials involving drug products [@bib30]. Institutional review boards or ethics committees from the sites and the health authorities from both countries have approved the protocol, the informed consent form, and the patient information sheets.

The safety of the intervention is closely monitored. All serious and/or unexpected adverse reactions, as well as any additional information that may alter the study design or entail patient risk, are reported to the ethics committees and institutional review boards. In addition, an independent Data Safety Monitoring Board has been set up for this study.

2.3. Selection of study population {#sec2.3}
----------------------------------

Participants in the AMBAR trial are men and women between 55-85 years of age at the time of signing the informed consent document. At the screening visit, patients must have a diagnosis of AD according to the National Institute of Neurological and Communication Disorders and Stroke and the Alzheimer\'s Disease and Related Disorders Association criteria [@bib31], have a Mini-Mental State Examination (MMSE) [@bib32] score from 18 to 26, and currently being treated with acetyl-cholinesterase-inhibitors and/or memantine with the previous 3 months at a stable dose. In addition, patients are free of cerebrovascular disease, evidenced by a brain computed axial tomography or magnetic resonance imaging (MRI) study obtained in the 12 months before screening. An MRI required during the screening period is used to rule out any finding that could affect patient safety such as microhemorrhages, infarction, hematoma, stroke, or brain tumors including meningioma. A stable caregiver is available and must attend the patient\'s study visits.

Exclusion criteria include any condition in which PE is contraindicated or not feasible (such as behavioral disorders, difficult venous access, or abnormal coagulation parameters) or replacement products cannot be administered (such as a history of frequent adverse reactions or thromboembolic complications associated with blood components, particularly hypersensitivity to albumin or allergies to any of the components of Albutein® or Flebogamma® DIF). Other exclusion criteria which may affect patient\'s safety include IgA deficiency, low hemoglobin (\<10 g/dL), high plasma creatinine (\>2 mg/dL), uncontrolled hypertension (systolic ≥160 mm Hg, diastolic ≥100 mm Hg, despite regular treatment during the last 3 months), liver disease (GPT \>2.5 x ULN, or bilirubin \>2 mg/dL), heart diseases, illness with less than 1 year of expected survival, drug or alcohol abuse, and pregnancy or nursing.

2.4. PE interventions {#sec2.4}
---------------------

After the screening visit, the patients who meet the inclusion/exclusion criteria are randomized to one of the three PE treatment groups or the control (sham) group according to a \[1:1:1:1\] scheme. Randomization numbers are assigned sequentially across all sites participating in the study. Randomization numbers and their corresponding treatment allocations are assigned to patients per the randomization list by sequential block number and by sequential randomization numbers.

The intervention regime lasts 14 months, which includes a first 6-week stage of intensive treatment with one session of conventional therapeutic plasma exchange (TPE) per week, when all the patients assigned to any of the study groups (active treatment and control) follow the same treatment regime, followed by a second 12-month stage of maintenance treatment with one session of low-volume plasma exchange (LVPE) per month, as summarized in [Fig. 2](#fig2){ref-type="fig"}. Between these two treatment periods, there is an intermediate visit to assess patient\'s status and collect additional study-related data. At the corresponding PE sessions, sufficient EDTA-blood is collected for all the laboratory tests. Cerebrospinal fluid samples are collected before and after both treatment periods for all the laboratory tests. Aliquots of both plasma and CSF are stored at −70°C for future analysis. At the end of the maintenance period, the patient has the final visit which evaluates the same variables as the screening and intermediate visits. The window range for TPE (weeks 1 to 6) is ±1 day. For the intermediate visit (weeks 7 to 8), the window range is ±2 days. The window range for LVPE (weeks 9 to 53) is ±5 days. For the final visit (weeks 54-55), the window range is ±2 days.Fig. 2AMBAR study interventions. Abbreviations: TPE, therapeutic plasma exchange; LVPE, low volume plasma exchange; F, Flebogamma® 5% DIF (intravenous immunoglobulin); A, Albutein® 5%-20% (albumin); S, sham treatment; B, baseline visit; IV, intermediate visit; FV, final visit.

Based on the previous experience from the pilot and phase II studies [@bib27], [@bib28], during TPE, 2500 to 3000 mL of the patient\'s plasma is being replaced with the same volume of Albutein® 5%, whereas during LVPE, only 650 mL to 880 mL of the patient\'s plasma is replaced with Albutein® 20%, 100 mL or 200 mL depending on the treatment arm randomization. There are three arms of LVPE: in one arm, 20 grams of Albutein® 20% are used for replacement in LVPE, whereas in the other two arms, visits for Albutein® 20% replacement (20 or 40 grams) are alternated with Flebogamma® DIF 5% (10 or 20 grams). A schematic chart of the interventions assigned to the four study groups is shown in [Fig. 2](#fig2){ref-type="fig"}.

Therapeutic plasma exchange is performed using a commercial continuous flow cell separator with either centrifugation- or filtration-based technology. Either a peripheral (e.g., radial/cubital vein) or central access (e.g., subclavian/jugular vein) is used based on the individual characteristics of the patient. Venous access implantation and maintenance is carried out according to the standard procedures used in each center and the correct placement of a central catheter is always confirmed by a chest X-ray. The volume of removed and replaced plasma depends on patient\'s characteristics (i.e., sex, height, weight and hematocrit) at approximately 35-45 mL/kg, corresponding to a volume of 2500-3000 mL.

Low-volume plasma exchange is carried out through a peripheral line by means of a prototype apheresis device based on the Auto-C™ device (Fenwal Inc, Lake Zurich, IL, USA) or the Aurora™ device (Fresenius Kabi, Bad Homburg, Germany), the newer version of Auto-C™. The removed plasma volume is similar to a plasma donation (650-880 mL) and depends on patient\'s weight. The volume of infused albumin is consistent with the treatment arm as described previously. Normal saline is used when there is a negative balance between the volume of removed plasma and infused albumin.

For the control group (sham TPE), the tip of a cut catheter is stitched to a colostomy adhesive patch (acting as a "second skin") which is placed on the subclavicular or jugular region. Then, the patch with the catheter tip stitched is covered with gauze dressing and an adhesive film in a similar manner as in the active treatment groups. The cut catheter is similar to the catheters used in the active treatment groups. A conventional PE device is loaded with a saline solution colored with intravenous iron mimicking plasma and is working in a closed-circuit manner without any fluid interchange between the device and the subject. For the control group sham LVPE, an Auto-C- or Aurora-based prototype provides an apparently and realistic working status in which expired human blood from a local blood bank is circulated in a closed-circuit manner. Specific training on the sham procedures was provided to the investigators; several videos were recorded and were available at the participating sites during the entire study duration.

2.5. Outcome measures {#sec2.5}
---------------------

The coprimary efficacy variables are i) the change from the baseline in the cognitive scores as measured with the ADAS-Cog scale [@bib33]; and ii) the change from the baseline in the functional scores measured by the ADCS-ADL inventory [@bib34]. In both cases, there are six measurements performed: one at the baseline (week −3, −2 or −1), one at end of intensive period (week 7-8), three during the maintenance period (months 6, 9, and 12), and one at end of the maintenance period (month 14). Fourteen months is the endpoint for the primary efficacy analysis. See [Fig. 2](#fig2){ref-type="fig"} for details.

Secondary efficacy variables are i) changes from the baseline in scores on cognitive, functional, behavioral, and overall progression tests, measured with the MMSE [@bib32], a neuropsychological battery (NPS) [@bib35], [@bib36], [@bib37], [@bib38], neuropsychiatric inventory (NPI) [@bib39], Clinical Dementia Rating Sum of Boxes (CDR-Sb) [@bib40], Alzheimer\'s Disease Cooperative Study-Clinical Global Impression of Change (ADCS-CGIC) [@bib41], Cornell Scale for Depression in Dementia (CSDD) [@bib42], Columbia-Suicide Severity Rating Scale [@bib43], Quality of Life-Alzheimer\'s Disease (QoL-AD) [@bib44], and Resource Utilization in Dementia (RUD-Lite®); ii) changes in plasma levels of Aβ~1-40~ and Aβ~1-42~ before and after each PE; iii) changes in CSF levels of Aβ~1-40~ and Aβ~1-42~ between the finalization and beginning of each of the two treatment periods; iv) changes in CSF levels of T-tau and P-tau throughout the study; v) assessment of structural changes in hippocampal volume, posterior cingulate volume, and other areas of interest as shown by MRI (six measurements as in the primary efficacy variables); and vi) assessment of functional changes in the brain as detected by positron emission tomography with 18F-fludeoxyglucose (4 measurements, months 6 and 12 are omitted).

2.6. Specific methodology for cognition/behavior assessment {#sec2.6}
-----------------------------------------------------------

The ADAS-Cog [@bib33] is an instrument specifically designed to evaluate the severity of the fundamental alterations in cognitive and behavioral function that are characteristic of patients with AD.

Functional ability is assessed by means of the ADCS-ADL test [@bib34], which offers detailed descriptions of each activity and requests the informer to describe the actions or behaviors observed.

Mini-Mental State Examination [@bib32] is widely used to assess cognitive alterations and is the most commonly used brief screening test.

The specific NPS battery consists of processing speed tests such as the Symbol Digit Modalities Test [@bib38], developed principally for examining visual attention and tracking, concentration, and psychomotor speed; language/attention tests such as the Semantic Verbal Fluency [@bib35] allowing voluntary access to a certain vocabulary assessing reduction in verbal spontaneity and fluency difficulties; the Neuropsychological Assessment Battery Naming Test [@bib36], designed to highlight deficits in visual confrontation naming skills and to identify aphasia; and the Rey Auditory Verbal Learning Test [@bib37] consisting of words presented in the same order that the subject listens to and must remember and repeat.

Neuropsychiatric disorders assessment includes NPI, to evaluate the most frequent neuropsychiatric manifestations of dementia and also to determine their frequency and intensity; CSDD to evaluate the signs and symptoms of major depression in patients with dementia; CDR-Sb, a clinical test validated in patients with AD that assesses six domains: memory, orientation, judgment and problem solving, social and occupational activities, domestic activities and hobbies, and personal care; and ADCS-CGIC, an instrument for the reliable assessment of global change from the baseline in a clinical trial.

Other tests include the Columbia-Suicide Severity Rating Scale to quantify the severity of suicidal ideation and behavior to estimate the rate of suicidality; the QoL-AD designed specifically to obtain a rating of the quality of life from both the patient and the caregiver; and the RUD-Lite to assess the amount of health-related resource use among patients.

Importantly, the evaluators/raters of the tests in the trial have no access to any information allowing them to identify patient assignment to treatment. Blinding of the evaluators to patient treatment is confirmed when evaluators sign a document to that effect.

The established order of tests at each visit is as follows: with the patient, the first evaluator rates MMSE (when stated by the protocol), ADAS-Cog, NPS battery, QoL-AD, and Columbia-Suicide Severity Rating Scale. Next, the global impairment and clinical impression scales (CDR-Sb and ADCS-CGIC) are administered by the second evaluator. With the caregiver, the second evaluator (while the first evaluator is administering the aforementioned battery with the patient) administers the global impairment and clinical impression scale (CDR-Sb, ADCS-CGIC). The first evaluator, once he/she has finished the NPS battery with the patient, interviews the caregiver to evaluate the patient functionality and behavior: NPI, ADCS-ADL, CSDD, QoL-AD, and RUD-Lite.

2.7. Safety considerations {#sec2.7}
--------------------------

Therapeutic plasma exchange is regularly used worldwide following a well-known evidence-based approach [@bib45], and TPE appears to be a safe procedure in geriatric patients when performed by experienced practitioners [@bib46]. Both the previous pilot and phase II studies have shown that PE is feasible in elder patients with AD. Plasma exchange may induce adverse reactions, mostly expected and therefore preventable and controllable (e.g., hypocalcemia, hypotension) [@bib47], [@bib48].

Considering the special vulnerability of the patients studied, to minimize the risks, vital signs and laboratory test parameters are monitored more frequently than in a typical clinical setting. In addition, patients are required to remain in the center before and after the PE procedure for longer periods of time than usual, and the caregiver is present except during the actual PE intervention to maintain its blinded character. On rare occasions, agitated or anxious patients can be accompanied by the caregiver during the procedure to ease patient\'s anxiety. However, the blinding protocol is maintained for both the patient and the caregiver.

The primary criterion of safety assessment is the percentage of TPE and LVPE procedures (including the infusion of albumin and IVIG) associated with at least one adverse event that may be related to the study procedure (adverse reaction). In addition, vital signs (blood pressure, heart rate, respiration rate, and body temperature) and laboratory test parameters (blood cell counts, platelet count, prothrombin time \[Quick\], activated partial thromboplastin time \[aPTT\], fibrinogen, total proteins, and calcium) are recorded before, during, and after each PE session.

The adverse events are coded according to the adverse events classification of the World Health Organization (MeDRA version 17.1) and are described by a synonym (Lowest Level Term) and the affected organ/system, the intensity, causality, and seriousness.

2.8. Statistics {#sec2.8}
---------------

A sample size of 312 subjects (78 in each of the 4 groups) would make it possible to detect, with nearly 92% power for the first of the coprimary efficacy variables (the change from the baseline of the ADAS-Cog scores), a difference in the mean of 3 points between any of the treatment groups and the control group, assuming the common standard deviation (SD) to be 5.55 (according to the data obtained in the phase II study) [@bib28], with a level of significance of 5%. The sample size of 312 subjects provides over 98% power for the second of the coprimary endpoint variables (the changes from the baseline of the ADCS-ADL inventory scores) to detect a difference in the mean of 6.69 points between any of the treatment groups and the control group, assuming the common SD to be 10.0 (according to the data obtained in the phase II study) [@bib28], with a level of significance of 5%. The study has sufficient power for these coprimary endpoints of at least 90% (0.92\*0.98 = 0.90). The calculation makes the conservative assumption that these endpoints are independent. Because these endpoints may be positively correlated, 90% should serve as a lower bound on power. On the other hand, because all patients from the three active treatment groups share exactly the same plasmapheresis component (plasma removal), the difference between the three active treatment groups combined and the control group will be assessed. Therefore, the study intends to include 312 patients for evaluation, which implies 364 to 496 patients enrolled assuming a global dropout rate of 15% to 30%, respectively.

The changes from the baseline of the ADAS-Cog scores and the ADCS-ADL inventory will be analyzed over time using a mixed model for repeated measures (MMRM) approach. This model will include fixed-effects factors for month (2, 6, 9, 12, and 14 months), treatment group, and the month-by-treatment interaction, with adjustments for age, disease severity (MMSE ≤ 21vs. ≥22) and the baseline ADAS-Cog score or ADCS-ADL inventory.

Efficacy will be determined by the change in the total ADAS-Cog score and in the ADCS-ADL inventory score from the baseline to 14 months. Because the endpoints are coprimary, both should be statistically significant for confirming efficacy. To account for the three dose group comparisons with the control group, and to maintain the overall significance level of 0.05, adjustment for α will be made for multiple dose groups according to the Hochberg procedure [@bib49]. This procedure has been demonstrated to control the overall type I error at 0.05. The coprimary endpoints ADAS-Cog and ADCS-ADL will also be analyzed by AD severity (MMSE score: 18-21 and MMSE score: 22-26). The same primary analysis will be performed as for the entire population, with the exception that the MMRM will not be adjusted for AD severity. All other efficacy endpoints with the baseline and postbaseline data will analyze change from the baseline to that specific time point using analysis of covariance with treatment group as a fixed effect, and the corresponding baseline value, age, and AD severity as a covariate. Expanded use of MMRM into secondary analyses may be considered if the results for the MMRM and analysis of covariance methodologies for the primary analysis are qualitatively different.

2.9. Study progress {#sec2.9}
-------------------

Recruitment started in April 2012. A preliminary, interim, descriptive analysis was performed as of June 2015 on the data available for 186 patients whose data were presented together (randomization codes not broken) [@bib50]. As of December 16, 2016 (date of last patient recruited), 496 patients had been invited to participate in the AMBAR study; 347 of the patients were randomized and underwent close to 5000 PEs, of which approximately 25% were sham PEs. The last patient visit took place in March 2018.

3. Discussion {#sec3}
=============

The AMBAR study is designed to examine whether PE with infusion of human albumin combined with IVIG can prevent or delay progression of the cognitive and functional impairment in patients with mild to moderate AD. ADAS-Cog and ADCS-ADL scores are the coprimary endpoints to determine clinical efficacy. Additional cognitive measures are included to better understand previous study results where a persistent beneficial effect in memory and language functions was detected [@bib27], [@bib28], [@bib29].

Plasma exchange is a technique that separates plasma from blood cells, before the latter are returned to the bloodstream. During therapeutic apheresis, plasma may be removed to eliminate pathogenic elements [@bib51] being replaced with an equivalent volume of healthy plasma, or of colloid or crystalloid solutions. Because approximately 90% of plasma Aβ is bound to circulating albumin [@bib19] which favors its degradation by the liver [@bib52], therapeutic apheresis using albumin as a replacement fluid is especially interesting as a potential therapy for AD.

The AMBAR approach is considered relevant on the basis of the clinical results obtained in the phase II trial (randomized, placebo-controlled), as well as because PE removes not only albumin and Aβ but many other active plasma components. Consequently, the possibility that one or more unidentified agents could play a role in the observed effects of PE on the patients with AD cannot be ruled out [@bib53]. Given the consistent failure of anti-Aβ strategies to date, a multiple-path hypothesis for AD pathogenesis is getting attention. On the other hand, even within the amyloid hypothesis, a potential explanation of the Aβ-related failures is that a relevant Aβ species is insufficiently affected, which is not the case of PE because it affects all Aβ species [@bib54].

In the phase II study [@bib28], the primary objective was to determine whether PE treatment with albumin replacement was able to modify the concentration of Aβ in CSF and, secondarily, in plasma of patients with AD with a similar profile to that of the AMBAR study (MMSE score from 18 to 26). In the phase II study, this modification was indeed observed for plasma Aβ~1-42~ levels which were lower in the PE-treated group after each treatment period (*P* \< .05), and for CSF Aβ~1-42~ levels (marginal *P* = .072 after the last PE compared with the baseline). However, assessment of the effects of PE on cognitive, functional, and behavioral outcomes were secondary objectives, and the study was not powered to detect statistically significant differences in the cognition tests applied. Even so, PE-treated patients exhibited better scores than untreated controls in measures of global cognition (borderline significances of *P* = .081 with the MMSE and *P* = .094 with the ADAS-cog) and particularly in language functions (*P* \< .05 with the Boston Naming Test and Semantic Verbal Fluency) which persisted after PE was discontinued. Moreover, neuroimaging studies confirmed that PE-treated patients had less hypoperfusion than controls in frontal, temporal, and parietal areas, and perfusion stabilization in Brodmann area BA38-R during the PE treatment period (*P* \< .05); BA38 is assumed to play a significant role in language [@bib55].

Taking into account the previous experience with PE and the results of the pilot and phase II studies [@bib27], [@bib28], we expect AMBAR to show the expected results in the primary and secondary outcomes. We believe that the sample size has the adequate power to detect statistical differences between any of the active treatment groups and the control group, as well as between the three active treatment groups combined and the control group. Changes in the concentration of Aβ in plasma, neuroimaging, and CSF measures are secondary objectives and they will help in better understanding the outcome of the study.

The approach presented in this report is highly innovative to the treatment of AD. Specifically, the AMBAR trial integrates different therapeutic components using different doses and procedures. In the AMBAR trial, albumin is infused in combination with IVIG (Flebogamma® DIF). Although it is known that IVIG contains antibodies against Aβ [@bib56], [@bib57] and preliminary studies have confirmed that Flebogamma® DIF is able to bind to Aβ [@bib58], results of a randomized, placebo-controlled trial showed that IVIG did not have any effect on cognition or function in patients with AD [@bib59]. In the AMBAR trial, IVIG is used to correct a possible immunological deficit caused by plasma depletion. In fact, this combination approach of PE with albumin plus IVIG replacement has already been used for selected neurologic diseases [@bib60], [@bib61]. The AMBAR trial evaluates the maintenance period including combination of monthly LVPE (similar to regular plasma donation plasmaphereses) with IVIG every 4 months. The maintenance therapy follows the load treatment during the intensive period, with six TPE in six weeks. This design was derived from previous studies. The two different types of apheresis would play a fundamental role in the new therapeutic strategies.

To summarize, the AMBAR study is designed to confirm previous findings in patients with AD treated with PE plus albumin replacement. The different types of apheresis combination approaches would play a key role in defining newly designed therapeutic strategies in a new landscape for the treatment of AD.Research in context1.Systematic review: So far, clinical trials testing small molecule pharmacotherapy and immunotherapies aimed to reduce brain amyloid β have failed to improve clinical symptoms of Alzheimer\'s disease.2.Interpretation: The AMBAR (Alzheimer\'s Management By Albumin Replacement) trial addresses plasma exchange with therapeutic albumin replacement as a new approach directly applicable to clinical practice for Alzheimer\'s disease treatment.3.Future directions: Confirmation of previous findings on cognitive and functional improvement in patients with Alzheimer\'s disease treated with plasma exchange plus albumin replacement will open a promising new landscape in designing therapeutic strategies for this devastating disease.
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